Incomplete visual recovery, color vision defects, or persistent metamorphopsia may persist even after successful surgery for rhegmatogenous retinal detachment (RRD), especially in cases of RD with macula off, suggesting microstructural macular damage that standard fundus biomicroscopy could not detect. We compared spectral-domain optical coherence tomography imaging with preoperative and postoperative visual acuity to evaluate the relationship between morphological changes in the outer retina and visual outcome after successful repair of RRD with macula on or off. We enrolled 43 patients (43 eyes) with successful repair of RRD and a minimum 6-month follow up after surgery in this retrospective research. Patients accepted spectral-domain optical coherence tomography postoperatively and visual acuity examination preoperatively and postoperatively. The mean age of the patients was 48.74 AE 12.68 years (range: 16e77 years). The mean visual acuity (logarithm of minimal angle of resolution) before surgery was 0.87 AE 0.70. Disrupted ellipsoid zone was noted in one of 11 eyes in the macula-on group (9.1%) and 19 of 32 eyes in the macula-off group (59.4%). Disrupted external limiting membrane (ELM) was noted in no eye in the macula-on group (0%) and 11 of 32 eyes in the macula-off group (34.4%). The macula-off group was associated with better postoperative visual gains than the macula-on group (p Z 0.013). Patients with integrity of the ellipsoid zone and ELM were associated with significant visual improvement than patients with disruption of the ellipsoid zone or ELM.
Introduction
Incomplete visual recovery, color vision defects, or persistent metamorphopsia may persist even after successful surgery for rhegmatogenous retinal detachment (RRD), especially in cases of RD with macula off, suggesting the existence of microstructural macular damage that standard fundus biomicroscopy cannot detect [1] . There were only 42% of all RRD eyes achieving 20/40 vision or better, and only 37% achieving 20/50 vision or better in macula-off detachments [2] . Optical coherence tomography (OCT) is a noninvasive real-time system that is increasingly used for diagnosing macular microstructure and evaluating the response to therapy [3e6] . In previous studies, OCT findings were used to describe the different morphological patterns for diagnosis, guidance, and treatment of retinal pathology [3e5, 7, 8] . Recent advances in retinal imaging have used OCT to evaluate poor visual acuity after retinal detachment [9e11] . Minimal changes after RRD, such as disruption of the ellipsoid zone [this band was also previously referred to as the photoreceptor inner and outer segment (IS/OS) junction] and disruption of the external limiting membrane (ELM) have been identified by OCT imaging and were correlated to decreased postoperative visual acuity [12e14] .
In this study, we compared spectral domain OCT (SD-OCT) imaging with preoperative and postoperative visual acuity, to evaluate the relationship between morphological changes in the outer retina and visual outcome after successful repair of RRD with macula on or off.
Materials and Methods

Patients
All the patients were enrolled at the Outpatient Department of Ophthalmology, Kaohsiung Medical University Hospital (Kaohsiung, Taiwan). This retrospective consecutive case series included 43 patients (43 eyes) with successful repair of RRD and a minimum 6-month follow up after surgery from December 2012 to November 2014. We defined successful repair of RRD as the patient continuing to have the retina attached after 6 months following surgery. Inclusion criteria were: diagnosis with treatmentnaïve RRD; minimum follow up of 6 months postoperatively; and written informed consent. Exclusion criteria were patients with other ocular diseases, previous macular lesions, exudative or tractional retinal detachment, a history of amblyopia, and macular structural abnormalities in the fellow eye.
Patients accepted best-corrected visual acuity examination preoperatively and postoperatively and SD-OCT imaging postoperatively for data analysis. The best-corrected visual acuity was determined from Snellen chart and converted to the logarithm of minimal angle of resolution (logMAR) equivalents to perform the appropriate statistical manipulation. Counting fingers, and hand movements at 1 m were converted to 1.6 and 1.9, respectively. The following data were also collected: age, sex, time from symptom onset to surgery, characteristics of RRD including the number of quadrants involved, proliferative vitreoretinopathy grade [15] , and type of surgery. If the macula had not yet detached at the time of presentation, it was said to be a macula-on RD (the macula is still on the underlying retinal pigment epithelium). If it had detached from the retinal pigment epithelium, it was known as macula-off RD. The Institutional Review Board Committee of Kaohsiung Medical University Hospital approved the study (Approval No. KMUH-IRB-20140271).
Surgical procedure
Pars plana vitrectomy with silicone oil or C3F8 tamponade was performed under sterile conditions and general anesthesia in the ophthalmologic operating room using an operation microscope. The patients accepted standard three-port pars plana vitrectomy using a Constellation vitrectomy machine (Alcon, Fort Worth, TX, USA). Initially, the vitreous was removed. Next, we released the traction area. A puncture retinotomy was performed using endodiathermy, and subretinal fluid was aspirated using a long extensible silicone-tipped cannula through the retinotomy. After airefluid exchange, we checked whether the entire retina was completely flattened against the retinal pigment epithelium and, if this was not done, additional retinotomies were performed to relax the remaining traction points, and a new drainage of subretinal fluid was made. After the retina was totally attached, photocoagulation was applied, surrounding all retinal breaks and along the entire edge of the puncture retinotomies. Finally, the silicone oil or C3F8 tamponade was injected into the eye. In cases with silicone oil tamponade, we removed silicone oil 6 months later after a stable retinal situation has been achieved.
Scleral buckling was performed in the ophthalmologic operating room under general anesthesia and sterile conditions. We administered eye drops to the patients to dilate the pupil to allow better approach to the eye before the procedure. After the eye was numbed, the surgeon did 360 periotomy, exposing the sclera. Then, we performed cryopexy to freeze the outer surface of the eye over the tear or detachment and then made trans-scleral drainage of the subretinal fluid. After the fluid was drained, the surgeon sutured the buckle into place and then covered it with the conjunctiva. Then, the surgeon applied laser photocoagulation around the retinal breaks.
If cataract developed in the eyes after retinal surgery that obviously affected the vision, then cataract extraction would be performed in these cases.
OCT
Microstructural imaging of the macula was performed using SD-OCT (Heidelberg Retina Tomograph version 2.01; Heidelberg Engineering, GmbH, Heidelberg, Germany). Scans were obtained at horizontal cross sections through the fovea; the scan showed three distinct lines, indicating reflection from the ELM, ellipsoid zone, and retinal pigment epithelium (RPE)/Bruch's membrane, respectively. Foveal microstructural changes in the photoreceptor layer were defined as disruption of the ellipsoid zone or ELM. Each of the OCT images was interpreted by two investigators (Kai-Chun Cheng and Chia-Hui Chen). If there was any disagreement, a third investigator (Wen-Chuan Wu) was consulted.
Statistical analysis
Visual acuity values were converted into the logMAR for statistical analysis. Statistical analyses were conducted using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The possible correlation between the foveal microstructural changes (ellipsoid zone defects . ELM signals or other abnormalities) and the visual acuity outcomes was investigated using the independent-samples t test. A p value < 0.05 indicated statistical significance.
Results
Forty-three patients (21 right eyes and 22 left eyes) agreed to participate in the study. Forty-three eyes of 43 patients (27 men and 16 women) who had undergone an anatomically successful repair for RRD were enrolled. Baseline characteristics by group are displayed in Table 1 . No significant differences were observed between the macula-on and macula-off groups for number of right or left eyes, sex, age, proliferative vitreoretinopathy, and initial and final pseudophakic eyes. The duration of symptoms was longer in the macula-on group. This might be because the symptoms were less severe and the visual acuity was less influenced at the beginning. The patients in the macula-on group needed more time to notice the abnormal signs. The extent of RD in the macula-off group was greater than that of the maculaon group. The preoperative visual acuity was better in the macula-on group because the macula was not involved.
The mean age of the patients was 48.74 AE 12.68 years (range: 16e77 years). The mean visual acuity (logMAR) Disrupted ELM was noted in no eye in the macula-on group (0%) and 11 of 32 eyes in the macula-off group (34.4%). In the macula-on and -off groups, patients with integrity of the ellipsoid zone were associated with significant visual improvement postoperatively compared with the cases with disruption of the ellipsoid zone (p < 0.001, p Z 0.039; Table 2 ). In the macula-off group, patients with intact ELM showed significant visual improvement postoperatively compared with the cases with disruption of ELM (p Z 0.001; Table 3 ). The macula-off group was associated with better postoperatively visual gains than the macula-on group (p Z 0.013). Figures 1 and 2 show an example of normal foveal microstructure and a case of foveal microstructural abnormality in the macula-off group and the macula-on group, respectively. We listed abnormalities detected by OCT other than disruption of the ellipsoid zone and ELM (Table 4 ). Other macular microstructural abnormalities were only detected in the macula-off group.
The Statistical analysis showed that the significant factors associated with postoperative visual improvement were ellipsoid zone disruption and ELM disruption. Six patients in the macula-off group and one in the macula-on group accepted cataract surgery after successful repair of RRD due to prominent cataract progression. No patients in either group received subsequent ERM peeling because the Data are presented as mean AE SD. In macular on and off groups, patients with integrity of the ellipsoid zone were associated with significant visual improvement postoperatively than were the cases with disruption of the ellipsoid zone (p > 0.001, p Z 0.039). logMAR Z logarithm of minimal angle of resolution; Post-OP Z postoperative; Pre-OP Z preoperative; SD Z standard deviation; VA change Z logMAR after surgery e logMAR before surgery. Data are presented as mean AE SD. In macular off groups, patients with intact ELM showed significant visual improvement postoperatively than the cases with disruption of ELM (p Z 0.001). ELM Z external limiting membrane; logMAR Z logarithm of minimal angle of resolution; Post-OP Z postoperative; Pre-OP Z preoperative; SD Z standard deviation; VA change Z logMAR after surgery e logMAR before surgery.
ERM condition did not obviously disturb the postoperatively visual acuity.
Discussion
These results demonstrate that the integrity of the ellipsoid zone and ELM, studied by SD-OCT, has a statistically significant improvement of postoperative visual acuity in patients with successful surgery for RRD. It is well known that some patients who undergo surgery for RRD have incomplete visual recovery. Several factors influencing postoperative visual acuity have been discussed that are important points of concern for retinal surgeons. Kitaya et al. [16] have suggested that using OCT to evaluate the appearance of the photoreceptor layer is correlated with postoperative visual acuity. Several studies [17, 18] have reported that the use of SD-OCT has a higher resolution and better correlation with actual retinal anatomy and evaluation of the ellipsoid zone. Cobos et al. [18] reported that the presence of an intact ellipsoid zone on the preoperative SD-OCT scan was an important predictor of better visual recovery after ERM surgery. Lai et al. [19] revealed that abnormalities among the ELM or the ellipsoid zone were associated with poor visual outcomes in eyes after anatomically successful repair of RRD. In our study, ellipsoid zone lesions were detected in 46.51% of eyes and disrupted ELMs were found in 25.58% of eyes. Disruption in the ellipsoid zone or ELM was significantly correlated with less postoperative visual improvement. Intact ellipsoid zone and ELM after surgery may be related to better visual outcomes. Disrupted ellipsoid zone or ELM could be a marker of poor prognosis for visual recovery.
Previous studies have used OCT to evaluate microstructural changes after RD surgery and recently postulated that ellipsoid zone or ELM disruption influences postoperative visual outcome in RRD. Although ellipsoid zone disruption was still noted in one case in the macula-on group, we found that this microstructural change was present preoperatively, and assumed that this abnormality was unrelated to RD. However, our analysis still found more visual improvement postoperatively in the ellipsoid zone and ELM intact cases compared with cases of ellipsoid zone or ELM disruption. We found better postoperative visual improvement in the macula-off group than that in macula-on group. We suggest the following possible explanations for the better visual recovery in the macula-off group. The visual acuity of the macula-on group was less influenced at the beginning because the macula was not involved. Therefore, the preoperative visual acuity was better in the macula-on group. The postoperative visual acuity significantly improved in the macula-off group but did not show any significant difference in the macula-on group. The better visual improvement in the macula-off group was due to poor preoperative visual acuity. The insignificant visual change postoperatively in the macula-on group was because of better preoperative visual acuity.
The main limitations of our study were small sample size in both the macula-on and macula-off groups, the retrospective study design, and inadequate follow-up duration. Large prospective clinical trials are necessary to provide significant anatomical and functional parameters of the visual recovery over time.
In conclusion, patients with integrity of the ellipsoid zone and ELM were associated with significant visual improvement compared with patients with disruption of the ellipsoid zone or ELM after successful repair of RRD. The macula-off group was associated with better postoperative visual gains than the macula-on group. 
